Baseline investigations included clinical and gynecological examinations, tumor biopsy performed during the gynecological evaluation under anaesthesia, hematological and biochemical assessments, chest X-rays, bipedal lymphography, computer tomography and ultrasound of pelvis and abdomen. Cystoscopy and rectosigmoideoscopy was performed only in suspicion of rectal or urinary bladder infiltration.
The majority of patients (75 %) were treated throughout hospitalization, 25 % were out-patients. Patient and tumor characteristics are described in Table 1 .
Treatment
The external-beam radiotherapy (ERT) was provided by linear accelerator, using a photon beam of 6-15 MV energy. A four-field (BOX) technique with individually shaped portals was used containing the pelvis in all 73 patients, and para-aortic lymphatic nodes up to the inferior margin of Th12 in 44 patients with initial pelvic lymph-node involvement. Superior limit of the pelvis was at L4/L5, inferior at ischiac tuberosity, ventral at front of the sharebone, dorsal at sacral concavity, lateral limits were 2 cm externally from bone structures in transversal diameter. The dose delivered to the small pelvis was 25 x 2 Gy in five consecutive weeks. The dose to para-aortic lymh nodes was 22 x 2 Gy, delivered at the same time. A high-dose rate brachytherapy (HDR BT) came immediately after 25 fractions of ERT, using a remote afterloading device (Gammamed, MDS Nordion, Hahn, Germany). Six fractions of 4 Gy were administered to the A point. The rectal doses and doses to the urinary bladder were calculated according to the International Commission on Radiation Units (ICRU 38) recommendations. The ERT boost of 7 x 2 Gy was delivered to pelvic walls simultaneously with brachytherapy, with shielding of the region irradiated by brachytherapy.
Weekly cisplatin of 40 mg/m 2 was administred concurrently with the course of 25 ERT fractions and did not continue during brachytherapy. Standard antiemetic premedication with appropriate hydratation was administered before cisplatin infusion.
Chemotherapy delay criteria included: white blood count < 2.5 x 10 9 /L, platelet count < 100 x 10 9 /L, haemoglobin < 100 g/L, calculated creatinine clearance <1,0 mL/sec, grade 3 or 4 gastrointestinal toxicity, and/or patient's refusal.
Radiotherapy delay criteria included: absolute neutrophil count < 1.0 x 10 9 /L, platelet count < 50 x 10 9 /L, haemoglobin < 80 g/L and/or grade 4 acute gastrointestinal or genitourinary toxicity.
No colony-stimulating growth factors were used for leukopenia prevention. Low hemoglobin levels were corrected by blood transfusions. No erythropoetin was routinely used to keep the adequate hemoglobin level during radiotherapy.
Follow-up and statistics
The patients were evaluated for objective response, disease-free survival, overall survival, acute and late toxicity. The objective response was evaluated by gynecological examination three months after the treatment. The patients were followed in 3-month intervals by clinical and gynecological examination, hematological, and biochemical tests. Chest X-rays and CT of the pelvis and abdomen were performed every six months. The overall survival (OS) was calculated from the date of diagnosis to the date of last examination or death. The disease-free survival (DFS) was calculated from the date of treatment termination to the date of relapse disclosure, death, or last examination. The OS and DFS rates were calculated using the Kaplan-Meier method. The 3-year overall and disease-free survival rates were evaluated with regard to the number of cisplatin cycles applied, using logrank test. Univariate and multivariate lognormal parametric survival regression analysis was performed to evaluate the prognostic value of chemotherapy dose. The adverse effects of therapy were classified and evaluated according to the RTOG acute radiation morbidity scoring criteria. Acute toxicity was recorded until 90 days from the treatment initiation.
Results
All 73 patients were accessible for response and toxicity evaluation. Three months after the treatment, the gynecological examination has confirmed a complete response in 69 patients (95 %), residual macroscopic disease was present in 4 patients (5 %). Up to the day of the evaluation (1 th July 2007) the median duration of follow-up was 24 months (range 5-94 months). With a median follow-up duration of 24 months: 17 patients (23 %) have died, 49 patients (67 %) were alive and disease-free and 7 patients (10 %) were alive with progressive disease. Pelvic relapse was detected in 6 patients, in 2 of them distant metastases were detected at the same time. A combination of para-aortic lymph node recurrence and distant metastases was detected in 1 patient. Distant metastases with central control of the disease were found in 5 patients. The time to pelvic relapse detection had varied between 6 and 24 months after the treatment, the time to distant metastases detection had varied between 4 and 24 months after the treatment. Distant seeding occurred predominantly in lungs, liver, peritoneum, axial skeleton and supraclavicular lymphnodes.
Only one patient did not complete the whole schedule of radiotherapy, as brachytherapy had to be replaced with another 5 x 2 Gy of ERT due to insufficient tumor regression. In another three patients, the course of ERT had to be delayed: once due to leukopenia alone (after 4 th dose of cisplatin, treatment break for 7 days), twice due to protracted leukopenia with the trombocytopenia (in both after 2 nd dose of chemotherapy, treatment break once for 14 days and once for 21 days). No radiotherapy dose recovery was performed in these patients. Radiotherapy mean treatment time was 7 weeks.
Only 28 patients (38 %) were able to undergo the intended dose rate (5 cycles) of cisplatin. Table 2 shows the detail survey of applied chemotherapy. The most frequent cause of chemotherapy delay was hematological toxicity (in 30 cases): leukopenia alone in 20 patients, combination of leukopenia and thrombocytopenia in 8 patients, thrombocytopenia alone in 2 patients. In 7 patients the chemotherapy was stopped because of low creatinine clearance. Gastrointestinal toxicity caused delay in 5 patients, one delay was due to the patient's refusal (fatigue, weakness).
Acute hematological toxicity was observed in 69 patients, mostly of grade 2 or 3. Two patients experienced a febrile neutropenia (both after 3 th dose of cisplatin). Acute gastrointestinal and urogenital toxicity was mostly of grade 1 or 2. No grade 4 non-hematological acute toxicity was observed. No death developed from the acute toxicity. Table 3 shows the detailed survey of acute treatment toxicity.
The 3-year overall survival was 71 % and the 3-year disease-free survival was 61 %. Differences in survival rates of group variables, according to the number of cisplatin cycles applied, are described in Table 4 and Table 5 .
Of all these comparisons, only one (OS for 5 vs. < 4 cycles) was significant. Univariate lognormal parametric survival regression showed no significant influence on the number of cisplatin cycles applied upon overall survival (p = 0. node involvement were taken into account (p = 0.54). Likewise, lognormal parametric survival regression showed no significant effect of cisplatin dose on disease-free survival: univariate (p = 0.34), multivariate (p = 0.34).
Discussion
In the presented retrospective study, we tried to evaluate the influence of cisplatin dose upon the 3-year OS and DFS rates in patients with cervical carcinoma treated by external-beam radiotherapy, HDR brachytherapy, and weekly cisplatin. Our results didn't prove a statistically significant influence of cisplatin dose upon survival. Discrepancy between significative OS and no singnificative DFS in patients treated by five cisplatin cycles is most likely accidental. Definitive conclusions cannot be made because of the small number of patients, which doesn't allow excluding differences among subgroups treated.
The meta-analysis of randomized studies, comparing concurrent chemoradiotherapy in locally advanced cervical cancer to radiotherapy alone, has evidenced significantly higher acute toxicity of cisplatin-based concomitant chemoradiation (4). In 2003, the same authors have published a systematic review of the concurrent treatment toxicity which describes a significant increase, especially in grade 3 and 4 gastrointestinal and hematological toxicity, with a twofold increase in white blood cell toxicity and threefold increase of platelet toxicity (6) . This review, as well as several recently published studies, has described leukopenia as the most common form of acute toxicity in concurrent chemoradiotherapy with cisplatin (10, 15, 17, 19) . Our study has confirmed these results, as we have noted the acute hematological toxicity in 95 % of patients, predominantly grade 2 and 3. The most frequent limiting factor of concurrent chemotherapy was leukopenia, which delayed the treatment in 28 patients (38 %). Other forms of toxicity delayed the treatment in another 24 % of patients. Although the vast majority of patients were hospitalized during treatment with adequate supportive therapy, the acute toxicity was very important. This may be related to too high dose of ERT used in our protocol at that time. Altogether, only 38 % of patients were able to tolerate the complete intended course of chemotherapy in our study.
With respect to randomized studies, which have proven the benefit of concomitant treatment, we can assume that fulfillment of concomitant chemotherapy should have a positive influence on survival (9, 11, 14, 16, 18, 20) . However, even these important studies have described only 60 % toleration of the whole chemotherapy plan. These results show that radical radiotherapy combined with concurrent cisplatin chemotherapy is accompanied by considerable acute toxicity, and many patients are unable to comply with the treatment schedule owing to reasons related to acute toxicity. Although the administration of the full chemotherapy dose may be difficult, the delivery of planned radiotherapy was generally not compromised in these studies. Leukopenia, as the most common form of acute treatment toxicity, represents the main limiting factor of concurrent chemotherapy. Well-timed termination of chemotherapy, when severe leukopenia occurs, is necessary for preservation of the whole course of radiotherapy, which should be completed in the shortest possible time (3, 7, 12) . Administration of granulocyte colony-stimulating factors during the treatment may be helpful in maintaining the leukocyte level, but their effect hasn't been fully proven yet. To our best knowledge, no previous study has sufficiently described the influence of cisplatin dose rate upon the survival of patients with radically treated cervical carcinoma.
Conclusions
In our patient group we didn't find any statistically significant influence of cisplatin dose upon 3-year survival in cervical carcinoma patients treated by exclusive chemoradiation with weekly cisplatin. Prospective randomized trials are needed to solve the questionable role of chemotherapy dose in these patients. If there was any convincing evidence of positive influence of the full course of chemotherapy upon survival, then regular administration of colony stimulating growth factors would be well-founded.
